Establishing and maintaining proper sister chromatid cohesion throughout the cell cycle are essential for maintaining genome integrity. To understand how sister chromatid cohesion occurs in mammals, we have cloned and characterized mouse orthologs of proteins known to be involved in sister chromatid cohesion in other organisms. The cDNAs for the mouse orthologs of SMC1 S.c. and SMC3 S.c. , mSMCB and mSMCD respectively, were cloned and the corresponding transcripts and proteins were characterized. mSMCB and mSMCD are transcribed at similar levels in adult mouse tissues except in testis, which has an excess of mSMCD transcripts. The mSMCB and mSMCD proteins, as well as the PW29 protein, a mouse homolog of Mcd1p S.c./ Rad21 S.p. , form a complex similar to cohesin in X. laevis. mSMCB, mSMCD and PW29 protein levels show no significant cellcycle dependence. The bulk of the mSMCB, mSMCD and PW29 proteins undergo redistribution from the chromosome vicinity to the cytoplasm during prometaphase and back to the chromatin in telophase. This pattern of intracellular localization suggests a complex role for this group of SMC proteins in chromosome dynamics. The PW29 protein and PCNA, which have both been implicated in sister chromatid cohesion, do not colocalize, indicating that these proteins may not function in the same cohesion pathway. Overexpression of a PW29-GFP fusion protein in mouse fibroblasts leads to inhibition of proliferation, implicating this protein and its complex with SMC proteins in the control of mitotic cycle progression.
Introduction
Sister chromatid cohesion is essential for proper chromosome segregation during cell division. Sister chromatid cohesion is established during S phase and is maintained until the metaphaseto-anaphase transition. As long as cohesion is properly established and maintained, the kinetochore of each sister chromatid will capture microtubules from opposite spindle poles, and each daughter cell will therefore receive one chromosome. However, if sister chromatid cohesion is not established or is not maintained, then two sister kinetochores might attach to microtubules from the same spindle pole. In this case, one daughter cell would receive two sister chromatids, and the other daughter would receive none. Thus, sister chromatid cohesion is important for accurate transmission of the genetic material.
Recent work has identified a number of proteins involved in establishing and maintaining sister chromatid cohesion (Biggins and Murray, 1998) . The S. cerevisiae proteins Smc1p, Smc3p and Mcd1p (also known as Scc1p) have well-established roles in sister chromatid cohesion (Michaelis et al., 1997; Strunnikov, 1998) . The X. laevis homologs of these proteins, termed XSMC1, XSMC3 and XRAD21, along with two other proteins, are all components of a complex that promotes sister chromatid cohesion in vitro (Losada et al., 1998) . This complex is termed the 'cohesin' complex. Interestingly, the mammalian multiprotein recombination complex RC-1 is able to catalyze renaturation of single-stranded DNA, and includes bovine homologs of XSMC1 and XSMC3 (Jessberger et al., 1996; Stursberg et al., 1999) . Homologs of SMC1 and SMC3, hSMC1 and hSMC3, have also been identified in humans (Schmiesing et al., 1998) .
As a part of the ongoing effort to identify and characterize the components of the sister chromatid cohesion machinery in mammals, we report here the isolation of cDNA clones for the mouse orthologs of SMC1 and SMC3, termed, respectively, mSMCB and mSMCD and characterization of the PW29 protein, an ortholog of Mcd1p. We have characterized the expression pattern and intracellular localization of these putative sister chromatid cohesion proteins throughout the cell cycle. M. musculus is an excellent system for direct visualization of chromosomes and offers the possibility of genetic and developmental studies. Future work with this system should considerably enhance our understanding of sister chromatid cohesion and maintenance of genome integrity in mammalian cells.
A partial PW29 cDNA clone (EcoRI fragment) was obtained from T. Muramatsu (Yu et al., 1995) . The 5′ end of the PW29 clone was cloned by PCR, using RACE-ready cDNA from Clontech. The full-length PW29 clone (SalI-BglII) was assembled and cloned into the XhoI and BamHI sites of pEGFP-N1 (Clontech) giving pND571 plasmid.
Template DNA was sequenced using the ABI Prism 377 sequencer (Perkin Elmer) and the dye-terminator method, with custom primers (Life Technologies). A sequence analysis was performed using AssemblyLign software (Eastman Kodak).
Cell culture and cell-cycle methods
Swiss mouse NIH3T3 fibroblasts (ATCC) were routinely maintained in Dulbecco's modified Eagle's medium (DMEM) (with high glucose, glutamine and sodium pyruvate), supplemented with 10% calf serum (CS), 100 μg/ml of penicillin and 100 μg/ml of streptomycin (all from Life Technologies), under 5%CO 2 in a humidified incubator (37°C). For cell-cycle studies, the NIH3T3 cells were arrested in G0 phase using serum starvation. Cells were washed once with DMEM medium (Life Technologies) without FBS, then fresh medium containing 0.5% FBS was added, and incubation was continued for 16-24 h. A G1-arrested population of NIH3T3 cells was obtained using treatment with lovastatin (Merck) (Reed et al., 1994) . The NIH3T3 cells were treated upon reaching 30% confluence by adding lovastatin from a 4 mg/ml of stock solution to 8 μg/ml of final concentration, directly to the media. The cells were analyzed/ harvested after 36 h. Synchronization in S-phase was achieved by arresting with aphidicolin (Sigma) similarly to lovastatin treatment. Aphidicolin was added to a final concentration of 1.3 μg/ml, and the cells were incubated for 16-19 h. A mitotic population of NIH3T3 cells was obtained by nocodazole treatment. First, nocodazole (0.7 μg/ml final) was added with fresh DMEM media to the 50%-confluent cells. After 16-19 h, mitotic cells were washed off without trypsinization. The specificity and degree of cell-cycle arrest using different treatments was monitored by FACScan (Becton Dickinson) according to the manufacturer's recommendations for propidium-iodide stained cells. Total protein was extracted from washed cells using lysis with 1% SDS. The protein concentration was determined using a protein assay from Pierce and SpectraMax340 reader (Molecular Devices).
To generate transfected cell lines expressing the PW29-GFP fusion, the population of NIH3T3 cells was transfected with the pND571 plasmid using the lipofectamine protocol (Life Technologies). The same protocol was used for control plasmids pEGFP-N1 (Clontech) and BOSH2BGFP-N1 (Kanda et al., 1998) .
Antibodies
Antibodies against mSMCB were generated against the antigen expressed in BL21(DE3) pLysS strain of E. coli (Novagen). The antigen-producing construct was derived from human SB1.8 cDNA (Rocques et al., 1995) . An XhoI-digested PCR fragment corresponding to the last 660 amino acid residues of the SB1.8 gene was cloned into the XhoI site of pRSETA (Invitrogen) in order to express a 76-kDa SB1.8 fragment. The recombinant polypeptide (#550) encoded by this construct differs in only four amino acid positions from the mouse SMCB sequence. The antigen was purified sequentially by IMAC (ProBond, Invitrogen) and PAGE and then injected into two NZW rabbits (Covance). Production sera were affinity-purified on CNBr sepharose columns (Pharmacia) with the coupled purified recombinant protein and used in 1:500 dilution for Western blots and 1:2000 for immunofluorescence.
Anti-mSMCD antibodies were generated against the MAP-peptide (Research Genetics) PAPFYLFDEIDQALDAQHRKAVS inferred from mSMCD cDNA sequence. Production sera were affinity-purified on CNBr sepharose columns (Pharmacia) with the coupled purified recombinant protein #564 containing the corresponding peptide sequence as a part of a longer polypeptide. The corresponding expression plasmid pND564 was constructed by ligating a 2-kb EcoRI fragment of mSMCD cDNA into pRSETA (Invitrogen). The affinity-purified antimSMCD antibodies were used in a 1:250 dilution for Western blots and 1:1000 for immunofluorescence.
Anti-tubulin antibody YOL1/34 was from Harlan. Antibody against rabbit GA3PDH was from Biogenesis. All commercially available antibodies were used according to the manufacturer's recommendations. Anti-PW29 antibodies (Yu et al., 1995) were used in a 1:10 000 dilution for all experiments. The immunofluorescent staining of mouse NIH3T3 cells and Western blots were performed according to standard protocols (Harlow and Lane, 1988; Pagano, 1995) . Cells were fixed either in 4% paraformaldehyde in PBS for 5 min at room temperature or in cold methanol for 10 min. No detergent was used in washing steps or antibody dilution buffers. The results of two fixation protocols were found to be identical regarding mSMCB, mSMCD and PW29. Staining with preimmune sera corresponding to mSMCB or mSMCD did not yield any specific staining in Western blots or by indirect immunofluorescence.
Immunoprecipitations were performed using a mouse embryo extract. Usually, an equivalent of two 14-day embryos of 129cv mouse was used for one immunoprecipitation reaction. Extracts were routinely prepared from ten 14-day embryos and stored at −80°C. After homogenization (tissue homogenizer and sonication) in the extraction buffer EB (100 mM KCl, 50 mM HEPES-KOH, pH 7.5, 2.5 mM MgCl 2 , 50 mM NaF, 5 mM Triton X100) (Liang and Stillman, Na 4 P 2 O 7 , 0.25% 1997) and two centrifugations at 20 000×g (4°C) extracts were preincubated for 6 h at 4°C with protein A-sepharose beads (Pharmacia). After removal of the protein, A-sepharose extracts were centrifuged for 1 h at 40 000×g, and the supernatant was used for the immunoprecipitation reaction. Affinity-purified anti-mSMCB antibodies were cross-linked to CNBr-activated CL4-B sepharose and 50 μl of sepharose beads prepared in this way were used to immunoprecipitate proteins from 2 ml of extract. CL4-B beads without crosslinked antibody were used for mock immunoprecipitation.
Microscopy
Microscopy was performed with a wide-field Zeiss AxioVert microscope with epifluorescence. The images were collected using a MicroMax cooled CCD camera (Princeton Instruments) and a Z-axis motor assembly (Ludl). Eight to ten optical sections spanning 5 μm were collected for each field. Optical sections were converted into a stacked image with IP-Lab software (Scanalytics). For time-lapse microscopy, transfections were performed on the coverslip-glass Nunc chambers, allowing direct observation of the transfected cells with a conventional inverted microscope. The microscope stage was continuously heated to 37°C with a uniform air flow.
Results

Isolation and primary characterization of mSMCB and mSMCD cDNA clones and characterization of their expression
To initiate structure-function studies on the mouse sister chromatid cohesion complex, we cloned the cDNAs for mSMCB and mSMCD. The cDNA clones were isolated by a combination of screening a mouse embryonic cDNA library and of available EST clones (see Section 2). The mSMCB cDNA was found to encode a 1233-amino acid residue protein, whereas the mSMCD cDNA encodes a 1217-residue protein (Fig. 1) . All signature motifs of the SMC family, i.e. the NTP-binding domain, the coiled-coil region and the DA-box, can be readily identified in both proteins. A comparative sequence analysis revealed that mSMCB and mSMCD are indeed the orthologs of SMC1 and SMC3, respectively (Fig. 2) . mRNA for both mSMCB (4.3 kb) and mSMCD (4.2 kb) were expressed in all adult mouse tissues tested (Fig.  3) . Transcript levels for these genes were correlated to each other in all somatic tissues. These transcription profiles also corresponded to the reported profile of PW29 transcription. Interestingly, in mouse testis, a significant difference in mRNA level between mSMCB and mSMCD was found. This finding suggests that in the germline, the activity of these proteins may be regulated through expression of mSMCB. Alternatively, mSMCB and mSMCD may have some independent roles.
mSMCB, mSMCD and PW29 form a complex in the mouse embryo
Recent work has shown that in budding yeast, Mcd1p is associated with Smc1p when overexpressed (Guacci et al., 1997) . A similar substoichiometric association between the corresponding proteins XRAD21 and XSMC1, as well as with XSMC3, has been also been reported for the cohesin protein complex purified from X. laevis egg extracts (Losada et al., 1998) . We have begun to investigate the relationship between these proteins in mammalian cells. We generated rabbit polyclonal antibodies against the C-terminal region of mSMCB and used them for immunoprecipitation experiments with mouse embryonic extracts (Fig. 4) . Antibodies against PW29 (Yu et al., 1995) and mSMCD (see Section 2) were used to monitor the corresponding proteins. mSMCB, mSMCD and PW29 are abundantly expressed in early mouse embryos, at both the mRNA and protein level of analysis (data not shown), possibly correlating with a high level of cell proliferation. We used mouse embryonic extracts for immunoprecipitation with antibodies against mSMCB. Analysis of the immunoprecipitates demonstrated that antibodies against mSMCB readily coimmunoprecipitate the mSMCD protein (Fig. 4) . A band corresponding to the PW29 molecular weight was present in the same fraction. Since the PW29 protein is the only known Mcd1p homolog from mouse (Yu et al., 1995) , this result suggests that in the somatic cells of mouse embryo, a complex exists, including mSMCB, mSMCD and PW29 proteins, analogous to the complex found in S. cerevisiae and in X. laevis eggs. This complex may thus be involved in chromosome structure maintenance and sister chromatid cohesion in mammalian cells.
Expression and intracellular localization of the mSMCB, mSMCD and PW29 proteins during the mitotic cell cycle
In budding yeast, the pattern of Mcd1p expression throughout the cell cycle differs from that of Smc1p and Smc3p (Guacci et al., 1997) (L.F. and A.S., unpublished) . In addition, the Mcd1 protein leaves chromosomes during anaphase in budding yeast, while Smc proteins remain associated with chromatin (Guacci et al., 1997; Michaelis et al., 1997) . These observations suggest that in budding yeast, the composition of the cohesin complex varies throughout the cell cycle.
To investigate the expression pattern of mSMCB, mSMCD and PW29 in mammalian cells, we monitored expression level of these proteins in cells arrested at different stages of the cell cycle (Fig. 5) . NIH3T3 cells were arrested in the G1, G0, S and M phases by treatment with lovastatin, low serum concentration, aphidicolin and nocodazole, respectively (Fig. 5A) . The expression of SMC proteins and PW29 was monitored by Western blotting. Both mSMCB and mSMCD proteins were expressed throughout the cell cycle in these cells (Fig. 5B) , indicating that these proteins are not regulated throughout the cell cycle by changes in their expression level, similar to Smc1p and Smc3p expression in budding yeast. Antibodies against the PW29 protein also did not reveal any significant changes in the corresponding protein level throughout the cell cycle (Fig. 5B) . This differs from the expression pattern displayed by Mcd1p in S. cerevisiae (Guacci et al., 1997; Michaelis et al., 1997) , which is cell-cycle-dependent. Thus, regulation of PW29 in mouse fibroblasts differs from regulation of Mcd1p in S. cerevisiae. The activity of the PW29 protein in mammalian cells is most likely regulated at the posttranslational level.
We also investigated intracellular localization and cell-cycle regulation of the corresponding mouse proteins mSMCB, mSMCD and PW29. Since little is known about the specific regulatory mechanisms controlling mouse SMC proteins, these experiments were also designed to reveal whether these proteins change their localization during the cell cycle. Specific antibodies against mSMCB, mSMCD and PW29 were used to visualize these proteins in NIH3T3 cells using indirect immunofluorescence. Two alternative fixation methods were used in immunofluorescent staining (see Section 2). In all cases, specific antibodies for mSMCB, mSMCD and PW29 proteins revealed a striking cell-cycle-dependent localization pattern (Fig.  6 ). The observed staining was consistent with the redistribution of these three proteins from the nucleus and chromosomes to the whole cell volume in prometaphase. The bulk of the mSMCB, mSMCD and PW29 proteins remained off the chromosomes throughout metaphase and anaphase. The chromosomal staining reappeared again in telophase ( Fig. 6D; shown for PW29). Thus, the mSMCB, mSMCD and PW29 proteins displayed an almost identical intracellular localization relative to the chromosomes throughout all stages of the cell cycle examined, supporting the immunoprecipitation data suggesting that they form a complex. The mode of their intracellular redistribution during mitosis was also analogous to the data obtained for overexpressed Mcd1p in budding yeast (Guacci et al., 1997) . The relative abundance of the PW29 protein in mitosis was, however, in sharp contrast to mitosis in budding yeast where Mcd1p is significantly downregulated (Guacci et al., 1997; Michaelis et al., 1997) .
We have also obtained some evidence of selective chromatin binding of PW29 in mammalian cells (Fig. 7) . We used PCNA, a DNA replication processivity factor, as a marker. Upon progression of S-phase most of the PCNA pool changes its localization from bulk chromatin to the nucleoli and from euchromatin to heterochromatin (Kelman, 1997) . Double immunofluorescent staining of an asynchronous population of NIH3T3 cells demonstrated that pW29 does not relocate with PCNA (Fig. 7) , suggesting that it, and probably the whole complex, has a specific chromatin-binding preference. Such preference may be limited either by local chromatin structure, by the timing of chromatin replication or by some specific sites where sister chomatid cohesion occurs.
Overexpression of PW29 causes arrest of cell division
The localization pattern of mSMCB, mSMCD and PW29 during metaphase suggests that the corresponding complex leaves chromosomes at the prometaphase-metaphase transition. Such precise timing of release of the complex from chromatin must be under thorough regulatory control by the cell-cycle machinery. Thus, overexpression of one of the components of the complex may unbalance this control and cause chromosomal aberrations throughout the cell cycle. In budding yeast, overexpression of Smc1p, Smc3p or Mcd1p does not result in any detectable phenotypic changes. However, mammalian chromosomes are substantially more complex and may respond to such an imbalance.
We overexpressed the PW29-GFP protein in NIH3T3 cells and applied selection for the G418 resistance marker. Whereas expression of the chimera was evident during the first 24 h after transfection, it disappeared after 72 h of G418-selection (data not shown) when the whole transfected population was analyzed. Also, of 20 randomly selected G418-resistant stable transfectants, none had any detectable expression of the PW29-GFP fusion protein. This effect was not due to the toxicity of the GFP molecule itself since, in control experiments with expression of GFP alone (which was partially localized in the nucleus) or expression of H2B-GFP (nuclear localization) (Kanda et al., 1998) , no toxicity was detected. To investigate this phenomenon in more detail, we followed the fate of cells overexpressing PW29-GFP using real-time microscopy. Cells originally in interphase did not enter mitosis (eight cells monitored) and cells originally in mitosis never initiated anaphase (two cells monitored) over a 12-h observation period beginning 16 h after transfection. This observation suggests that the overexpression of PW29-GFP is disruptive to cell progression through the mitotic cell cycle. The nature of this inhibition and its possible mechanisms are to be investigated with regulated conditional expression of PW29 and site-specific mutants.
Discussion
We have cloned and sequenced the mSMCB and mSMCD cDNAs from M. musculus. The corresponding genes are orthologs of the SMC1 and SMC3 genes, which are known components of the sister cohesion complex in S. cerevisiae and X. laevis (Guacci et al., 1997; Michaelis et al., 1997; Losada et al., 1998) . The mSMCB and mSMCD proteins coimmunoprecipitate with each other and with the PW29 protein. PW29 is homologous to Mcd1p and to XRAD21, components of the sister chromatid cohesion complexes in S. cerevisiae and X. laevis, respectively. Thus, the mSMCB-mSMCD-PW29 complex that we have characterized from mouse embryo extract is most likely the mouse sister chromatid cohesion complex. Further analysis of the complex will elucidate its exact molecular function in mammalian cells.
Transcript levels for mSMCB and mSMCD show covariance in different tissues, further supporting the hypothesis that these two proteins form a complex. The only exception is testis, in which levels of mSMCD transcripts exceed levels of mSMCB transcripts. It will be interesting to determine whether testis contains a specialized SMC variant that substitutes for the lowered levels of mSMCB, and/or whether an imbalance of SMC proteins in testis plays a physiological role, or whether in this tissue mSMCB and mSMCD play independent roles.
To gain some insight into the mechanism of action of these proteins, we have examined their expression and localization throughout the cell cycle. The levels of the three proteins mSMCB, mSMCD and PW29 do not vary throughout the cell cycle. The intracellular localization, however, does. During interphase, immunofluorescent staining reveals that mSMCB, mSMCD and PW29 all localize to the nucleus and chromosomal region. At prometaphase, these three proteins redistribute mostly to the whole cell volume and remain mostly off the chromosomes throughout metaphase and anaphase, relocalizing to the chromosomes at telophase. This behavior is not what might be expected from a sister chromatid cohesion complex. Sister chromatid cohesion is established during DNA replication and persists until metaphase, yet the bulk of the mSMCB-mSMCD-PW29 complex exits the chromosomes before metaphase. It is possible that a small fraction of the complex, below the limit of sensitivity of the immunofluorescence technique, does remain associated with chromosomes throughout mitosis. Perhaps this fraction is responsible for maintaining cohesion until the metaphaseanaphase transition, and the bulk that is removed plays some interphase-specific role in chromosome function and must be removed to facilitate the dissolution of cohesion at metaphase. An alternative explanation for the disappearance of most of the mSMCB-mSMCD-PW29 complex from chromosomes during mitosis is that the complex may be involved only in establishment of cohesion and not maintenance (again perhaps playing other roles throughout the cell cycle). Similar behavior has been observed for hSMC1 (Schmiesing et al., 1998) and XSMC3 (Losada et al., 1998) . In our study, the proteins visualized by immunofluorescence are endogenous proteins, and the results are therefore not artefacts of transfection or overexpression.
The behavior of the mSMCB-mSMCD-PW29 complex in mouse throughout the cell cycle does not precisely parallel that of the Smc1p-Smc3-Mcd1p complex in yeast. Nonetheless, it seems possible that the two complexes accomplish similar functions but in slightly different fashions. Levels of yeast Smc1p and Smc3p, like their mouse homologs mSMCB and mSMCD, do not vary throughout the cell cycle (L.F. and A.S., unpublished observations). Yeast Mcd1p localizes to the nucleus (Guacci et al., 1997) and particularly to chromatin (Uhlmann and Nasmyth, 1998) in S phase and more weakly to the nucleus at M phase. Similarly, mouse PW29 localizes strongly to the chromosomal region in interphase and only slightly to the chromosomal region in mitosis. Thus, in both yeast and mouse, levels of chromosomal Mcd1p and PW29, respectively, are high at S phase but significantly lower at metaphase. S. cerevisiae appears to accomplish this by regulating levels of Mcd1p transcript and protein, whereas M. musculus does not vary its levels of PW29 and thus must downregulate chromosomal levels of PW29 by alternative means, probably posttranslational modifications or interaction with regulatory factors. In both cases, the end result appears to be high levels of Mcd1p/PW29 in the chromatin region during S phase, and lower (but detectable) levels still present at mitosis. It will be of interest to determine the mechanisms ensuring that this key member of the sister chromatid cohesion complex behaves in this conserved manner.
One of the unexpected results of our study was that mouse PW29, and probably the whole putative cohesin complex in mouse cell, does not colocalize with PCNA. PCNA has been linked to the recently identified S. cerevisiae cohesion factor Ctf7p, whose mechanistic role in cohesion has not yet been established. A temperature-sensitive mutation in yeast CTF7 is suppressed by the yeast gene for PCNA, POL30 (Skibbens et al., 1999) . The PCNA and Ctf7 proteins are conserved between mouse and budding yeast. If a hypothetical PCNA/Ctf7p complex is involved in loading 'chromatid glue' onto DNA after chromatin replication as proposed (Skibbens et al., 1999) , one might expect PW29 and PCNA to exhibit similar localization patterns. The fact that they do not fully colocalize in mouse cells may indicate that the PCNA/Ctf7 pathway is independent of the mSMCB-mSMCD-PW29 pathway. There is also a possibility that the mSMCB-mSMCD-PW29-based complex is involved in a process other than sister chromatid cohesion since no functional studies of its role in mammals have been carried out. There is, however, an indication that the SMC components of this complex are shared with the RC1 complex, involved in genetic recombination (Stursberg et al., 1999) .
We found that overexpression of PW29-GFP appears to prevent progression of the cell cycle. The mechanism of this inhibition is unknown. SMC proteins are stably and stoichiometrically associated with each other (Hirano, 1998; Schmiesing et al., 1998) . However, the Mcd1p, XRAD21 and probably PW29 proteins are associated with the corresponding SMC heterodimer less stably and in substoichiometric ratio and, for Mcd1p at least, in a cell-cycle-dependent fashion (Guacci et al., 1997; Losada et al., 1998) . Thus, an imbalance in PW29 expression may potentially have negative implications for the activity of the cohesion complex in eukaryotic cells. This result may lead to a simple assay system to identify the functionally significant domains of the PW29 protein. Characterization of mSMCB and mSMCD mRNA. (A) The mouse multiple tissue Multipletissue Northern blot (Clontech) was probed with internal probes derived from mSMCB and mSMCD cDNA. Two micrograms of poly-A RNA were loaded per lane. h, heart; b, brain; sp, spleen; ln, lung; lv, liver; sm, skeletal muscle; k, kidney; t, testis. A Northern hybridization using actin as a loading-control probe revealed a uniform loading in all lanes, except the skeletal muscle lane (data not shown). Coimmunoprecipitation of mSMCD and PW29 proteins with mSMCB. Immunoprecipitates from mouse embryonic extract (see Section 2) were separated on a NUPAGE Bis-Tris gel (Novex) and probed with affinity-purified anti-mSMCB (#2966, 1:500 dilution), affinitypurified anti-mSMCD (#3009, 1:250 dilution) and crude anti-PW29 (1:10 000 dilution) antibodies. Mock immunoprecipitations were performed under identical conditions, with precipitating antibody omitted. Localization of mouse PW29 protein and PCNA in asynchronously growing NIH3T3 cells. Two cells in the same field are at different stages of S-phase, based on staining for PCNA marker. PW29 localization (1:10 000 staining with crude serum) does not change with changed PCNA localization. Cells were also stained for DNA with DAPI and tubulin (not shown) with YOL1/34 antibody. Bar: 5 μm.
